ABSTRACT. This paper analyzes findings from "Knowledge Exchanges," which engaged communities of Viliui Sakha, native horse and cattle agropastoralists of northeastern Siberia, Russia, with regional scientific specialists, a cultural anthropologist, and a permafrost scientist. Our process of knowledge exchange involved first gathering ethnographic data from affected communities, through focus groups, interviews, and surveys, and analyzing how people perceived, understood, and responded to local change. Next we documented the community results and compared them with regional climate change data. Lastly, we discussed these results during community knowledge exchange events, facilitating an increased understanding across knowledge systems and stakeholder groups. The knowledge exchange method documented in this article provides an adaptable model for integrating local and scientific knowledge systems that allows participants to reach understanding more quickly at global and local levels of how climate change is affecting places and peoples.
INTRODUCTION
At one of our eight knowledge exchange events during the summer of 2010, a community member who had travelled 20 km on horseback to participate told us the following:
I am a horse-herder and hunter, and I know that the land has changed. Where there was never a ravine, there now is one. [It appears that] all has caved in. Where there were flat hay lands, ravines have now formed. Mostly I am speaking about how the land's surface has changed:
where there never was a hill, there now is. The erosion of our lands is occurring rapidly, in just the last few years, and horses have a very hard time in the warm winter. We thought that warm [temperatures] would be good for the horses, but now we understand it is bad for them. Overall, we have come to a time when we cannot predict the weather. Before, things came in the right times, and now [they do] not.
Later, a permafrost scientist showed that the regional hay lands, used both for grazing and for harvesting fodder to over-winter herds, are characterized by the type of permafrost most susceptible to degradation. He illustrated with photos of permafrost landscapes that looked like those the horse-herder had described.
Thus we heard two stories of the same phenomenonone based on local knowledge, the other on scientific knowledge. Such local testimony illustrates the intimate knowledge of place-based peoples (referring to those who have an immediate daily dependence and interaction with their local environment) (Nuttall, 1992; Davidson-Hunt and O'Flaherty, 2007) . The testimony of local people in Siberia also echoes what people like them in other world areas are saying about how changes in weather and annual cycles are affecting their lands and livelihoods (Salick and Byg, 2007; Crate and Nuttall, 2009) . Local knowledge contributes the detail necessary for scientific knowledge to accommodate how a global process, such as climate change, is resulting in very diverse changes on the ground. Likewise, scientific data provide an explanation of global phenomena to the local people, contributing new information on change not yet known in the local context. It follows that these two knowledge systems, if brought into dialogue, can complement each other and add new details to both local and scientific understandings.
To this end, the authors, one a cultural anthropologist and the other a permafrost scientist, organized knowledge exchanges in the summer of 2010. In this article we explain how participants exchanged information across the two knowledge systems and how they complemented and informed each other. In the process, we model a method that others can adapt to the Arctic and other world contexts where such knowledge exchange could be useful.
LOCAL AND SCIENTIFIC KNOWLEDGE
Researchers and policymakers recognize the need to understand the "human dimension" to address global climate change effectively (IPCC, 2007; IPF, 2007; IPY, 2008) . One valuable source of information is the observations of climate changes by local inhabitants of affected areas (Krupnik and Jolly, 2002; Cruikshank, 2005; Crate, 2008; Milton et al., 2008; Roncoli et al., 2009a; Gearheard et al., 2010a) . Place-based peoples are experts in their immediate environment. This expertise, based on daily observation and intergenerational (ancestral) understanding requires a highly situated knowledge, which we refer to in this paper as "local knowledge." Several maxims clarify what local knowledge is and what it is not. It is a situated knowledge found in all societies and not the exclusive possession of indigenous peoples (Antweiler, 2004; Nuttall, 2004 ). It is not the "opposite" or corollary to scientific knowledge, but rather a different and complementary way of knowing. While scientific knowledge is based on validity and predictability achieved through specific scientific methods, local knowledge is founded in the diverse and situated human experience (Antweiler, 2004) . While scientific knowledge is generalizable and content-independent, local knowledge is culture-specific and place-dependent, and it is often understood within a culture as "common sense" (Geertz, 1983:78 -79) . The latter definition underscores the importance of demystifying local knowledge by focusing on what actors know in relation to specific events or issues or in ecological and cultural context (Vayda et al., 2004) . Like scientific knowledge, local knowledge is an empirical knowledge system, based on time-tested methods and expertise. In short, local and scientific knowledge are highly complementary.
Research in the field of global change and the human dimension increasingly aims to account for all relevant understandings, integrating the social science or human dimension and multiple ways of knowing into interdisciplinary efforts (Freeman, 1992; Alcorn, 1993; Agrawal, 1995; Stevenson, 1996; Abele, 1997; Sillitoe, 1998; Berkes, 1999; Huntington et al., 2001 Huntington et al., , 2004 Crate, 2006a; Oakes and Riewe, 2006; Crate and Nuttall, 2009; Mahoney et al., 2009; Green and Raygorodetsky, 2010; Gearheard et al., 2010b; Weatherhead et al., 2010) . Additionally, many researchers are making their projects culturally appropriate with participatory and ethnographic methods that involve "users," or local communities, incorporating societal values, priorities, and needs into long-lasting adaptive strategies that perpetuate negotiation and learning among users (Huntington, 2005; Roncoli et al., 2009b) . Scientific data provide an explanation of global phenomena to the local people and can potentially bolster climate change adaptation and, more broadly, the reconfiguration of the roles of science, policy, and lay knowledge (Meinke et al., 2009) .
Given that Nature is "always constructed by our meaning-giving and discursive processes, so that what we perceive as natural is also cultural and social" (Escobar, 1999:2) and that local perceptions "exist in dynamic tension" with the material and discursive reality in which people live their lives (Vedwan, 2006:8) , it is crucial to understand perceptions within both the local sociocultural context and the broader dimensions of environmental change (Rosen, 2007:10) . In this context, anthropology has a unique role. Anthropologists, "absorbed with the artisanal task of seeing beyond the parochial facts" (Geertz, 1983:167) , gain unique access to local knowledge through methods of participant observation, interview, and ethnography, and so can contribute greatly to our understanding of local knowledge systems, perceptions, and responses (Freeman, 1992; Agrawal, 1995; Stevenson, 1996; Abele, 1997; Sillitoe, 1998; Berkes, 1999; Escobar, 1999; Bicker et al., 2004; Vedwan, 2006; Crate and Nuttall, 2009; Roncoli et al., 2009a) . Bicker et al. (2004:xi) stated that, "Local knowledge needs to interface with global scientific knowledge, each drawing on the other to effect sustainable adaptation to changing natural and socio-economic environments." For at least a decade before Bicker et al. (2004) published their work, applied anthropologists had already advocated dismantling the dichotomous relationship of scientific and local knowledge in order to take advantage of how these knowledge systems can inform each other in at least two areas: development efforts (Agrawal, 1995) and articulation of the local effects of climate change (Hinkel et al., 2007; Salomon et al., 2007; Cuomo et al., 2008; Eisner et al., , 2009 Jones et al., 2008; Gearheard et al., 2010a; Huntington et al., 2010; Kapsch et al., 2010; Nweeia, 2010; ELOKA, 2012) .
That said, despite much recent research on how global change is affecting local environments and cultures, the reality of integrating local and scientific knowledge systems remains problematic because of both the colonial legacy of Western research activities in many world regions (Smith, 1999) and the lack of meaningful ways to integrate the knowledge systems so they convey meaning for local and scientific knowledge holders alike. Central to integrating local knowledge systems into research is the recognition that these systems are, on the one hand, founded in long-term experience in place and, on the other hand, also "rooted in individual personalities and experiences, actively evolving, and taking place at the interface between scientifically regulated knowledge formation processes and subjective personal experience" (Lawrence, 2009:174) . Integration and knowledge exchanges are nothing new and have been done before (e.g., Krupnik and Jolly, 2002; Smit and Wandel, 2006; Hovelsrud and Smit, 2010) . This article illustrates a method for such knowledge exchanges that can be replicated in other world contexts.
BACKGROUND AND METHODS
The knowledge exchange process described here was part of a four-village, three-year collaborative effort to decipher how rural Viliui Sakha, a Turkic-speaking native horse and cattle breeding people of northeastern Siberia, Russia (Fig. 1) , understand and are affected by the local consequences of global climate change (Crate, 2008 (Crate, , 2011a . The project was based on both the results of a 2003 -05 project in the same communities that showed their overwhelming concern about unprecedented changes in weather patterns, climate, and seasonal timing (Crate, 2006b) , and a growing body of scientific data that clarifies how climate change was affecting the Viliui regions. During the past decade, Viliui Sakha have been finding it increasingly difficult to adapt to local changes, which have included the inundation of hayfields, gardens, and pastures, which prevents use of substantial land areas and harvesting of essential resources; changes in the quality and quantity of snow that prevent hunters and horse herds from accessing winter food; increased flooding that rots homes and other buildings and ruins transportation ways; and disrupted rain patterns in the temperate months that create droughts in spring and dampness in harvest times, affecting hay production.
During the first two summer field seasons (2008, 2009 ) the research team conducted focus groups, interviews, and surveys in four Viliui Sakha communities, to document and verify what changes inhabitants were observing, how these changes were affecting them, their ideas on what was causing the changes, and what they thought the future would be like should the changes continue (for further details see Crate, 2011a, b) . To elicit inhabitants' input about changes in the local weather and annual cycles, we deliberately planned not to use the term "global climate change," since it is often, if not always, absent from the vernacular (Marino and Schweitzer, 2009 ). Research has shown that to learn about the local effects of global climate change, the best approach is to talk to people about weather and weather changes, which are in the vernacular in all local contexts (Strauss and Orlove, 2003) . In the project's second summer, we administered an eight-part survey designed to gauge the extent to which the broader population's observations and perceptions did or did not corroborate those of the focus groups and interviews (Table 1) .
In summer 2010, in an effort to fill the gaps in local understanding of climate change, we developed a participatory knowledge exchange process to bring local people and scientists together for a dialogue. This process was also to serve the purpose of informing regional scientific data with the finer details of how global climate change was affecting landscapes and lives via local knowledge. To compare and contrast differences in change across regions and settlements, we planned to conduct the knowledge exchange not only in our four original research villages, but also in the four main regional centers of the Viliui regions, located downriver from Suntar (see Fig. 1 ).
Preparation for the knowledge exchange process began during the project's second year with both community buy-in and a major input of regional scientific data. To cover local logistics, we coordinated with the central and regional representatives of "Obshestvo Znaniye" (Community of Knowledge), who took responsibility for advertising the event, reserving a hall for the occasion, and coordinating housing for our traveling team. During the winter of 2009 -10, we incorporated both the field research results to date (focus groups, interviews, and surveys) from the four Viliui Sakha communities and information on the effects of global climate change in the Republic and Viliui regions into a PowerPoint presentation to share our project findings with audiences.
We designed the knowledge exchange process to allow audience members to share their local knowledge. We would first ask the audience to share any observations of local change. This allowed inhabitants to be heard, brought their knowledge to the forefront, and set a precedent for open audience input throughout the exchange. We would next show our field research findings to date, with three opportunities to allow audience response. After detailing the main changes and the effects on people's lives, we invited audience input. We would then present the four main explanatory stories, of how inhabitants explained the changes as being the result of 1) the Viliui hydroelectric reservoirs; 2) the natural wet and dry cycles; 3) too much 'technika'; and 4) global climate change, after which we again opened the floor for audience comment. Lastly, we would observe that most inhabitants did not understand the link between the changes they were observing and the local effects of global climate change, largely because the general population does not have enough information about regional effects. We would again open the floor for comments.
Next, we would show the regional scientific knowledge on climate change, first discussing the global phenomenon, showing a world map, color-coded to show the increase in average temperatures. This map showed audiences that the high-latitude areas of the world are warming the most, and within the high latitude context, that the Sakha Republic is warming more than other areas. We then explained that global climate change is resulting in catastrophes the world over, specifically droughts, floods, hurricanes, and other extreme events, and that the main climate change catastrophe in the Sakha Republic is permafrost degradation. Showing a map of the republic, we would explain the different types of permafrost and point out that Sakha happen to inhabit the areas with permafrost characterized by ice wedges, the type most susceptible to degradation. Here we would talk directly about findings to date in the Sakha Republic's Central regions, where inhabitants are witnessing many of the same changes reported in the Viliui regions, involving the falling and rising of the land and also an increase of water on the land. We would illustrate with pictures, which communicate more effectively than verbal descriptions (Figs. 2 -5 ). For example, the newly formed valleys and depressions in Central settlements show what permafrost degradation looks like on a village level (Fig. 2) . Another good example is the deterioration of infrastructure, like the subsidence of roofs when permafrost degrades, a sight also commonly seen in Viliui Sakha villages (Fig. 3) . The same figure included graphs of rising air and permafrost temperatures, which helped participants see how both are warming.
Another illustration showed how the increased water on the land is generating cascading effects, giving the example of how forests deteriorate as water invades the forest floor and trees suffocate (Fig. 4) .
We would then explain how the phenomenon of increasing water on the land, the change that our project participants are most concerned about, is happening in most of the large ice-wedge permafrost areas. Further research data show that 45% of the water on the land originates from degrading permafrost.
The presentation would also include regional data that corroborated others of the nine main observations (listed in full in RESULTS), including data showing the increase of precipitation across the whole of northern Russia and the Viliui regions, with annual precipitation patterns skewed and the increase of 3.5ºC in annual air temperatures in the last 10 years, which is resulting in warmer winters and cooler summers.
We would also provide useful information about regionally developed technologies to help to slow permafrost degradation, showing several slides of new Sakha technologies, which included how to build a new house or retrofit an old one to preserve permafrost (Fig. 5) . Following the presentation, we would open the floor for discussion.
In summer 2011, we conducted interviews with 20 inhabitants of our four research villages to gauge the impact of the knowledge exchange and garner their critique of the first draft of our preliminary handbook.
RESULTS
Analysis of data from the 2008 focus group and interviews produced a list of nine universal changes: 1) winters are warm; 2) the land is flooded with water; 3) lots of rain; 4) summers are cold; 5) more floods; 6) seasons come late; 7) lots of snow; 8) temperatures change suddenly; and 9) fewer birds and animals. The main cause cited by participants was the presence of the Viliui hydroelectric reservoir. Other causes were the flux of "natural wet and dry cycles," or "too much technika," referring to the growth of technology in the last decades. Only a few participants mentioned global climate change.
Summer 2009 survey results showed that the majority of survey participants had observed all nine changes reported during our first summer of research and that a majority also explained the main causes of the local changes as the Viliui reservoir, "natural cycles" or "too much technika" (or both) (Crate, 2011a) . As before, only a small percentage (limited to teachers, students who were back for the summer from the capital city, and elders who read newspapers a great deal) attributed any of the local change to global climate change. Additionally, in the final survey section where we asked specifically about global climate change, we learned that all survey participants had heard of it, had known about it for the past 5 -10 years, and had learned about it via TV, radio, and the press, but considered it as something happening elsewhere in the world.
This local interpretation was incongruous with the science. In-country scientists monitoring these regions report an unprecedented increase in average annual air temperature (Fedorov and Svinoboev, 2000; Skachkov, 2005 ) and increased precipitation rates in the last decade. Although very few scientists directly attribute local change to global climate change, the literature engaging both the increased temperatures and precipitation considers both as direct results of global climate change (Roshydromet, 2008; Iijima et al., 2010) . Regional scientists have documented increased permafrost degradation directly due to climate change Konstantinov, 2008, 2009 ). Despite such overwhelming scientific proof, few Viliui region inhabitants identify global climate change as one of the causes of local change because of the paucity of locally relevant information (Crate, 2011a) .
In response, between 1 and 12 July 2010, we facilitated eight knowledge exchanges in the Viliui regions. In the process of these events, detailed in the methods section, we were able to corroborate with audiences that they were also witnessing the nine main changes documented by our research communities and that they found scientific data on the local effects of global climate change lacking. Beyond that, by including the regional centers, which cover greater geographic and ecological areas in the Viliui regions, participants brought to light two new observations and one explanatory story, adding to our project's knowledge base about local perceptions of change. We include an example of each below to illustrate.
The first new observation was about changes in wind, with many participants speaking about the increase in damaging winds. A local hunter shared the testimony below based on his experience on the land.
There are more khara kholoruk (destructive cyclones) and they completely ruin the forests. They take away the natural protection to the land, making it more susceptible to erosion.
Participants also talked about wind as being a new phenomenon in the formerly still months of deep winter. Before, from early December to late February, winters were a period of deep cold, characterized by windless stills. With winters warmer, snow falls throughout the winter and wind prevails. Among other things, the wind means more work for inhabitants clearing snow and attending to their animals' needs.
The second new observation concerned unknown species. Testimony by a resident, considered an expert gardener in her village and beyond, provides a detailed account:
All the list of nine problems are here-animals and birds are less-there are lots of ducks that don't come now, and there are no kweregei (skylark)-they are gone and we don't hear them. As a gardener, I know that the animals and birds are decreasing-some are more and some are less. And [there are] some brand new birds-drozdi (thrush) and grach (rook)-and they make nests and live here. For the last 5 or 6 years, they are moving into here, from one village to the next, year by year. There were two nests outside my house, and this year 100 came, it seems. They eat the insects, and it turns out they also eat the tomatoes and they eat the very ripest tomatoes and suck the juice out. If you keep them in the greenhouse, they can't get them, but in the open ground they get them. Never before did those birds eat our vegetables! Regional scientists are documenting and reporting that new species are arriving from the south and others are changing their ranges in response to climate change (Maksimov, 2008) . Such rich local testimony adds a new level of detail to the existing scientific knowledge base.
The local testimonies also added to our understanding of explanatory stories for observed change. Several inhabitants explained the changes as being a result of celestial realignments, and this view was expressed fairly consistently across the eight knowledge exchanges. Here is one example:
Before, the sun went along the low, and now it goes very high. The moon also has changed its path. I think because the earth's axis has changed, so they go differently, and also the climate has changed. When we went in the shadow, it was long, and now the shadow is small, so the sun is higher.
Research in other Arctic areas shows that the Sakha, like many of their Arctic counterparts, are keen observers of the sun, moon, and stars, and are making similar associations (Saladin d'Anglure, 1994; ACIA, 2005:655) . For example, consider this description of Inuit elders' thoughts on climate change: "Even stranger is the fact that the sun now appears to set many kilometers off its usual point on the horizon, and the stars are no longer where they should be. Is the Earth shifting on its axis, causing the very look of the sun and stars to change?" (Dixon, 2010:1) . The prevalence of testimonies and concerns about planetary realignments, changes in the paths of the sun and moon, and the like, highlights how important celestial observation is and the need to integrate these observations and findings into our further work in this project. Similarly, it underscores the need to corroborate these celestial observations with those of other Arctic communities.
In addition to the two new observations of wind and new species and the additional explanatory story, we also documented consistent local understanding among our audiences of "multiple stressors," understood as the combined effects of ongoing global changes (O'Brien et al., 2004) . Regional research shows that the combination of diamond mining, deforestation, environmental degradation, population pressure, and nuclear contamination contributes to the complex of multiple stressors in the Viliui regions (Maksimov, 2008) . Local inhabitants talked about how change is interacting with existing and new environmental issues. Here is one elder's testimony:
I write down the daily temperatures. Some years are cold and some are hot. But if I look at all I have recorded and compare, it has gotten hotter. There are many effects from the cold and hot. In addition, there is more damage and breaking of our nature-it has sped upthey cut the forests and the forest cannot come back fast enough. The air is more and more polluted from transportation and industries dirtying the air.
Additionally, the elder quoted above came to the knowledge exchange with a briefcase of diaries in which he had recorded daily weather and climate observations. Many elders keep such records. This wealth of local record keeping already in place is of huge value to the communities' understanding of change over time. We are working with such elders and village schools to establish village-level citizen science initiatives, engaging the younger generations.
When we opened the floor for discussion after our main presentation, one common request across the events was to make the information we shared more broadly available. Considering that Internet access is still problematic for most village households (slow or no connection), we decided to create a handbook in the native Sakha language that would emulate the knowledge exchange process. We began working on the handbook immediately after the 2010 exchanges, brought the first draft to the field in 2011 for participant input, and finalized it over the next year. The handbook was published in late spring 2013, and our team distributed several hundred of the total 3000 copies to inhabitants of the four research villages and the Suntar regional center during fieldwork that same summer. The rest will be distributed to all schools, libraries, administrative offices, and ministries of ecology across the four Viliui regions of the knowledge exchanges.
There were also many knowledge interactions left undocumented: interactions of audience members among themselves during the exchange and the many communications about the events that occurred afterwards, on the street, in households, or elsewhere in the community.
Beyond the active exchange during the event, the process had other effects. In informal follow-up conversations, participants talked about how useful the regional scientific data were, especially the illustrations with data and photographs of landscape changes due to permafrost degradation, the satellite data showing the threefold increase in water on the land in the last 10 years, and the like, exactly because they brought the scientific data into the participants' own reality of local change. They also appreciated that the communicator and source of the regional data was himself Sakha and from a rural Sakha village in the Viliui regions. Research on the science of climate change communication emphasizes how important the "trusted messenger" is when it comes to effective transfer of information (Moser and Dilling, 2004) .
The experience also affected the authors. Although Crate has always shared her research findings with the Viliui inhabitants as a matter of course, this was the first time to do it in a formal setting with such active community participation. It was Fedorov's first time to share findings with local inhabitants (to date he had presented his research only at scientific meetings) and in his native Sakha language (to date he had only presented in his second language, Russian). The knowledge exchange process left him committed to corroborating local and scientific data more precisely for the benefit of both local communities and scientists and to seeking funding to expand his scientific research in the Viliui regions.
When we conducted follow-up interviews in summer 2011, the majority felt that the exchanges were important, that the regional scientific data gave them a more holistic understanding of change in their locale, and that the local testimonies, knowing that others also were observing unprecedented change and were unsettled by it, provided a sense of community support. All agreed that this type of participatory exchange event would be useful in other Viliui Sakha villages.
DISCUSSION
By gathering data from Viliui communities on perceptions and understandings of and responses to local change, documenting climate change data from regional scientists, and bringing these knowledge sources together in participatory knowledge exchanges, we created the "enabling environment" (Stammler and Wilson, 2006:14) for productive exchanges of local and scientific understandings. The process worked to build a certain level of community verification and consensus on local inhabitants' observations of change-a sort of village-level "environmental change support group." Considering inhabitants' fear about the future, expressed in focus groups and interviews, as increasing water on the land and the other environmental changes continue, this process is an important part of capacity building in the Sakha culture, where people tend to hold their emotions and concerns to themselves.
The exchanges were productive on many levels, but we also encountered hurdles to overcome. Local knowledge is based in place and also founded in historical and political context. This case study, set in the geopolitical and socioeconomic context of post-Soviet Russia, illustrates this fact. The Soviet legacy continues to discount and even discourage the use of ancestral knowledge, one of the foundations of local knowledge (Crate, 2006a, b) . The Soviet period also instilled in its people a passivity and lack of civic engagement, which here works to undermine participatory events beyond what was recognized as acceptable, such as participating in a highly staged "traditional" festival (Miller, 1990; Slezkine, 1991) . Additionally, contemporary research shows that importing Western models of information exchange to Russia usually does not work (Wilson, 2007a, b) . In this case, these special considerations became important aspects of designing the knowledge exchange process, to value, encourage, and make ample opportunities for audience participation.
However, that process was not seamless. We had envisaged a group sharing process like what has been done in other Arctic localities, where such knowledge exchange is familiar to the communities (McDonald et al., 1997; Krupnik and Jolly, 2002) . The differences in our field site can be understood as largely due to a cultural mismatch (Wilson, 2007a, b) . Our intent was to first elicit audience testimonies of change, but the reality was very different. In most of the regional center venues, officials of the local Ministry of Nature Protection came prepared to deliver speeches about the Viliui ecological problems, a suite of watershed-wide environmental issues related to the Soviet-period discovery and extraction of diamonds (Crate, 2002) . These speeches were an important point of departure for the exchanges, especially considering the extent to which, for example, the Viliui hydroelectric reservoir, part of that history, continues to frame inhabitants' perceptions of environmental change. We honored all participants' requests to speak albeit limiting each testimony to five minutes to give all a chance.
With these hurdles in mind, our knowledge exchange experience does suggest an adaptable framework for other local contexts. The knowledge exchange process employed here uses a grounded approach, one that can be adapted as needed by 1) collaborating with affected communities to document local knowledge, including observations of change, opinions about causes, ways they are having effects, and perspectives on what the future will bring if changes continue; 2) consulting with regional scientists who are generating the data about how global climate change is affecting local areas; 3) engaging local communities and scientists in the knowledge exchange process; and 4) initiating continued exchange of this knowledge via translatable materials and community-based citizen science projects.
Such knowledge exchange processes increase both local and scientific understandings and can potentially bolster climate change adaptation (van Alst et al., 2008; Tschakert and Dietrich, 2010) and the broader reconfiguration of the roles of science, policy, and lay knowledge (Meinke et al., 2009) . Resiliency researchers advocate such collective action as an apropos response to address the multiscale process of adaptation to unprecedented change (Adger, 2001) . If "global and national policies strongly influence adaptation options and actions" (Meinke et al., 2009:70) and the policy community stays out of touch with local cultural contexts, their policy tends to encourage the adoption of biophysically resilient livelihoods. In the local context, these policy initiatives are often subjectively experienced as the radical transformation of cultural systems (Crane, 2010) . Policy needs to accommodate the risk of irreversible loss of places by recognizing the cultural significance of place and what place means to individual and community identity (Adger et al., 2011) .
The need to integrate the knowledge systems for more holistic understanding across stakeholder groups is critical, considering future predictions of change. Locally relevant information gives individuals and households insight into the basis of change to better gauge what the future may bring. Findings in anthropology, to date most prominently in medical anthropology (e.g., Briggs, 2003; Daley et al., 2006; Lowe, 2010) , and in the field of risk communication (Mozumder et al., 2009) , support the idea that a more holistic understanding of risk enhances adaptive response. Also, in the process of creating an "enabling environment," inhabitants have been witness to each other's testimonies and concerns about unprecedented change and shared their inward concerns, which works to bring people together and is an essential first step in strengthening social and community cohesion (Duhaime et al., 2004; Kingston and Marino, 2010) . This integrated knowledge could aid in developing an advocacy base to inform the science and policymaking communities about how global climate change is affecting the locales and inhabitants under their policy purview and help to influence policy decisions. Bridging the researchto-policy abyss remains difficult, and this challenge is even greater within Russia (Crate, 2006b; Forbes and Stammler, 2009; Stammler-Gossman, 2010) .
CONCLUSION
Even if local inhabitants have the integrated knowledge and understand actions, for example, ways to build houses to protect the permafrost, the issue, although clearly on people's minds, to date remains largely peripheral to their daily challenges of getting all the work done to prepare for the winter, getting money to pay for basic needs, keeping up with the fast pace of change as their young people grow more and more alienated to village life, and the like. For inhabitants, it is not a matter of lack of adaptive capacity. Climate change is not the first issue Viliui Sakha have coped or are coping with. Historically they are experts at adapting to the challenges they have faced -to an extreme subarctic climate, to Russian colonization, to sovietization, and to post-Soviet times (Crate, 2006b ). But how they will adapt to these new changes, which threaten their ability to continue horse and cattle herding and to inhabit their ancestral lands, is yet to be seen. Our 2009 survey revealed that the vast majority of residents do not want to move away, even if it means they cannot continue keeping cows. Like most placebased peoples, they are tied to their ancestral homelands.
There are many local contexts where place-based peoples and the scientists who serve them, in climate-sensitive areas, both within Russia and without, could benefit from this knowledge exchange process. As stated in the introduction, many research efforts exist that emulate this goal both inside and outside the Arctic. But considering the accelerated pace of global climate change, the question is whether enough can be done fast enough. Perhaps academics can find a more expedient way than peer-reviewed articles and other modes of communicating our research to build upon our findings, bring about more robust understandings, and bolster adaptive capacities for those most affected. The knowledge exchange method documented in this article provides an adaptable model for integrating local and scientific knowledge systems to reach local to global understandings more expediently of how climate change is affecting places and peoples.
